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Objective : A dural arteriovenous fistula (DAVF) generally refers to a vas- 
cular malformation of the wall of a major venous sinus. These lesions 
have diverse symptoms according to the location and venous drainage, 
and require multidisciplinary treatment. We report on our experience and 
analyze the treatment outcome of intracranial DAVFs for a nine-year period. 

Methods : Between January 2000 and December 2008, 95 patients with 
intracranial DAVFs were enrolled in this study. A retrospective review of 
clinical records and imaging studies of all patients was conducted. 
Endovascular embolization, surgical interruption, gamma knife stereotactic 
radiosurgery (GKS), or combinations of these treatments were performed 
based on clinical symptoms, lesion location, and venous drainage pattern. 

Results : Borden type I, II, and III were 34, 48, and 13 patients, respectively. 
Aggressive presentation was reported in 6% of Borden type I, 31% of 
Borden type II, and 77% of Borden type III DAVFs, respectively, and 
DAVFs involving transverse, sigmoid, and superior sagittal sinus. Overall, 
the rate of complete obliteration was 68%. The complete occlusion rates 
with a combination treatment of endovascular embolization and surgery, 
surgery alone, and endovascular embolization were 89%, 86%, and 80%, 
respectively. When GKS was used with embolization, the obliteration rate 
was 83%, although it was only 54% in GKS alone. Spontaneous ob- 
literation of the DAVF occurred in three patients. There were a few com- 
plications, including hemiparesis (in microsurgery), intracranial hemorrhage 
(in endovascular embolization), and facial palsy (in GKS). 

Conclusion : The hemorrhagic risk of DAVFs is dependent on the loca- 
tion and hemodynamics of the lesions. Strategies for treatment of intra- 
cranial DAVFs should be decided according to the characteristic of the 
DAVFs, based on the location and drainage pattern. GKS can be used as 
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INTRODUCTION 

Dural arteriovenous fistulas (DAVFs) are pathologic 



shunts that develop between the dural arteries and 
dural venous sinuses, meningeal veins, or cortical 
veins. They account for approximately 10% to 15% of 
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Table I. Classification of Intracranial dural arteriovenous fis- 
tulas 

Borden classification 

1 Venous drainage directly into dural venous sinus or meningeal 
vein 

2 Venous drainage into dural venous sinus with CVR 

3 Venous drainage directly into subarachnoid veins (CVR only) 

Cognard classification 

I Venous drainage into dural venous sinus with antegrade flow 
lla Venous drainage into dural venous sinus with retrograde 
flow 

lib Venous drainage into dural venous sinus with antegrade 
flow and CVR 

lla+b Venous drainage into dural venous sinus with retrograde 
flow and CVR 

III Venous drainage directly into subarachnoid veins (CVR only) 

IV Type III with venous ectasias of the draining subarachnoid 
veins 

CVR = cortical venous reflux. 

intracranial vascular malformations. 11)14)19) They were 
once considered congenital, benign lesions, until 
Castaigne and Djindjian 5 ' proposed an acquired etiol- 
ogy in the late 1970's. However, the benign nature of 
these lesions was challenged principally by Cognard 
et al. 8) and Borden et al., 3 ' who proposed that the clin- 
ical aggressiveness of DAVFs was dependent on the 
degree of cortical venous reflux. 

Intracranial DAVFs can be classified according to 
the type of venous drainage. The classification scheme 
developed by Cognard et al. 8) and Borden et al. 3 ' is 
the one most commonly used (Table 1). Using the 
Borden classification, lesions are categorized on the 
basis of the site of venous drainage, number of fistula 
(single-hole (a) or multiple-hole (b) fistulas), and the 
presence of cortical venous reflux (CVR). In the 
Cognard classification lesions are categorized accord- 
ing to the direction of dural sinus drainage, the pres- 
ence of CVR, and the venous outflow architecture 
(nonectatic cortical veins, ectatic cortical veins, or spi- 
nal perimedullary veins). 

Although the hemorrhagic risk of Borden type I or 
Cognard types I, Ha is extremely low, patients with 
high-grade DAVFs (Borden type II, III or Cognard lib 
-V) have been documented as having increased risk 
for development of aggressive symptoms, 3 ' 8 ' such as 
intracranial hemorrhage, non-hemorrhagic neurologic 
deficits (NHNDs); seizures, Parkinsonism, cerebellar 



symptoms, apathy, failure to thrive, and cranial nerve 
deficits. 17 ' 26 ^ 28 ) 

General therapeutic methods for management of 
DAVFs include conservative treatment, endovascular 
intervention, surgical treatment, and radiation therapy. 
Endovascular interventions have surged into the 
mainstream of DAVF therapy. 11 ' 

In this study, we analyze clinical characteristics of 
intracranial DAVFs with respect to hemorrhage and 
discuss current strategies for treatment of DAVFs. 

MATERIALS AND METHODS 

Between January 2000 and December 2008, 95 pa- 
tients with intracranial DAVFs, excluding carotid cav- 
ernous fistulas of traumatic origin, were enrolled in 
this study. These patients included 44 males and 51 
females, with a mean age of 59.2 years, ranging from 
16 to 82 years. We reviewed hospital records and 
imaging studies, including conventional angiography, 
during a follow-up period of 24.1 months, ranging 
from one to 89 months. 

Conventional angiography, including injection of ex- 
ternal carotid arteries for diagnosis and classification, 
was performed for evaluation of all patients with in- 
tracranial DAVFs. In most cases, computed tomo- 
graphic angiography (CTA), magnetic resonance imag- 
ing (MRI), magnetic resonance angiography, and per- 
fusion scanning were performed. Assessment of the 
patient's clinical presentation, current physical status, 
including comorbidities, and the radiological charac- 
teristics of the lesion was performed before embark- 
ing on any treatment. 

These 95 patients were classified into three groups 
based on the Borden classification and categorized in- 
to six groups according to anatomic location: trans- 
verse-sigmoid sinus, cavernous sinus, superior sagittal 
sinus (SSS), tentorial, anterior cranial fossa, and others 
(jugular bulb, marginal sinus, deep venous fistula, 
torcular, brain stem, and other locations). 

Aggressive clinical symptoms included intracranial 
hemorrhage and NHND. Both angiographic and clin- 
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ical assessment of treatment outcomes for patients 
with DAVFs was performed. Angiographic outcomes 
were classified as incomplete or complete occlusion, 
based on the presence of a remaining arteriovenous 
shunt after treatment. The obliteration was considered 
complete when angiography showed no evidence of 
fistula. The Glasgow Outcome Scale (GOS) was used 
to assess the clinical outcomes after treatment. 

Statistical analyses was performed using SPSS 
Statistics 20.0 (IBM, Chicago, IL). The Chi-square test 
and Fisher exact test were used selectively in per- 
formance of all statistical analyses. Statistical sig- 
nificance was set at a probability value (p value) less 
than 0.05. 

Treatment strategy 

Endovascular embolization, surgical interruption, 
Gamma Knife stereotactic radiosurgery (GKS), or a 
combination of these treatments was performed ac- 
cording to the clinical symptoms, lesion location, and 
venous drainage pattern. Conservative treatment was 
generally indicated in patients with DAVFs located in 
a cavernous sinus or with low-grade fistulas (Borden 
type I). 

For most patients with DAVFs, endovascular treat- 
ment was generally recommended as the first treatment 
option for complete occlusion. Embolization was usu- 
ally performed under general anesthesia. Endovascular 
treatment options included transarterial embolization, 
transvenous embolization, or a combination of both 
approaches using embolic agents, such as polyvinyl 
alcohol particles, n-butyl-2-cyanoacrylate, Onyx, or coils. 

Surgery was recommended in the anterior cranial 
fossa DAVF and other complex lesions with drainage 
to SSS, transverse-sigmoid sinus. Due to the potential 
for massive bleeding, adequate craniotomy or craniec- 
tomy was performed for control of bleeding and to 
obliterate feeding vessels on the involved sinus and 
the surrounding dura under a navigation system. 
Preoperative angiography and intraoperative angiog- 
raphy were used for determination of whether or not 
the involved sinus was patent. If the involved sinus 



was patent, we preserved it and disconnected the ar- 
terialized veins from it and coagulated the surround- 
ing dura. 

GKS was applied independently in the lesions with- 
out cortical venous reflux, with a relatively low risk 
of intracranial hemorrhage, and with difficulties in 
performance of endovascular or surgical approaches. 
Dose planning was performed, paying attention to 
avoid excessive radiation exposure to radiosensitive 
structures. The mean volume was 6.9 cm 3 , ranging 
from 0.35 to 37.5 cm 3 . The mean margin dose was 19 
Gy, ranging from 15 to 25 Gy, and the mean maximal 
dose was 38 Gy, ranging from 22 to 50 Gy, respectively. 

When angiographically complete occlusion could 
not be obtained using single treatment modalities, a 
combination treatment was performed. If incomplete 
obliteration was observed, patients were followed by 
angiography for six to 12 months. 

RESULTS 

Clinical presentation 

A majority of patients with DAVFs presented with 
non-aggressive symptoms. Thirty six patients (38%) 
had pulsatile tinnitus and bruit, 15 patients (16%) had 
ocular and visual symptoms, 12 patients (13%) had 
mild to moderate headache, and five patients (5%) 
were found incidentally. 

Twenty seven patients (28%) presented with ag- 
gressive symptoms. Fifteen patients (16%) had intra- 
cranial hemorrhage, nine patients (9%) had seizure, 
and three patients (3%) had dementia, trigeminal neu- 
ralgia, and aphasia. 

Four patients (31%) with DAVFs located in the SSS 
experienced seizure episodes. Intracranial hemorrhage 
was observed in eight patients (25%) with trans- 
verse-sigmoid sinus DAVF (Fig. 1), four patients 
(31%) with SSS DAVF, two patients (100%) with 
drainage of the DAVF into the torcular, and one pa- 
tient (25%) with drainage into the vein of Galen, 
respectively. The majority of hemorrhages occurred in 
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Fig. 1. 42-year-old female patient with altered mentality and vomiting visited the emergency unit. Computed tomographic angiog- 
raphy (CTA) on initial assessment shows an acute intracerebral hemorrhage at the right temporo-parietal lobe and a mass effect. 
She underwent stereotactic hematoma evacuation and had no fixed neurological deficit (A). After six months, she revisited the 
emergency unit due to recurrent hemorrhage in the right temporo-parietal lobe. CT shows an intracerebral hematoma at the right 
temporo-parietal lobe and an intraventricular hemorrhage (B). Lateral view of an external carotid angiogram shows a trans- 
verse-sigmoid sinus dural arteriovenous fistula (DAVF) supplied by the middle meningeal artery and occipital artery (C). Lateral view 
of a common carotid angiogram obtained after glue embolization shows the remaining minimal DAVF. Glue embolization was fol- 
lowed by gamma knife stereotactic radiosurgery (GKS) because she had a DAVF with cortical venous reflux (CVR) only (D). 



Table 2. Symptoms of intracranial dural arteriovenous fistulas 



Symptom 



Location 



Incidental 
Ocular symptoms 
Visual symptoms 
Bruit, tinnitus 
Headache 
Seizure 

Intracranial hemorrhage 
Other NHND 



Cavernous sinus Transverse-sigmoid sinus Superior sagittal sinus Tentorium Anterior fossa Others 



3 
1 1 
5 
2 
8 
1 



2 
2 

16 
4 
I 

3 



NHND = non-hemorrhagic neurological deficit 



Table 3. Risk of aggressive symptoms and hemorrhage according to Borden classification 











ve symptom (%) 














Type 1 


1/34 


3% 


2/34 


6% 




Type II 


8/48 


17% 


15/48 


31% 




Type III 


6/13 


46% 


10/13 


77% 




Total 


15/95 


16% 


27/95 


28% 





the transverse-sigmoid sinus and SSS DAVFs, how- 
ever, intracranial hemorrhage with respect to the le- 
sion location was not significant (p = 0.079, p = 0.211). 
No hemorrhage was observed in cavernous sinus 
DAVFs. A summary of the clinical symptoms and 
anatomic locations of the DAVFs is shown in Table 2. 

The risk of hemorrhage and aggressive symptoms in 
DAVF with CVR (Borden type II and III) was 23% 
and 41%. More significant development of hemor- 



rhage and aggressive symptoms was observed in 
DAVFs with CVR (Borden type II and III) (p = 0.009, 
p < 0.001) (Table 3). 

Anatomic location and type according to the 
Borden classification 

Borden type II was the most common type, and the 
next most common was type I. Thirty four patients 
(36%) had Borden type I, 48 patients (50%) had 
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Table 4. Anatomic location and type according to the Borden classification 



Location 

Borden classification 

Cavernous sinus Transverse-sigmoid sinus Superior sagittal sinus Tentorium Anterior fossa Others 



Type la 1 1 4 1 3 

Type lb 12 2 2 1 7 

Type lla 2 

Type lib 11 17 3 15 

Type Ilia 1 

Type 1Mb 1 2 4 2 12 

Total 15 32 13 5 2 28 



Borden type II, and 13 patients (14%) had Borden 
type III. 

According to the location of DAVFs, transverse-sigmoid 
sinus DAVFs were the most common. Thirty two pa- 
tients (34%) had transverse-sigmoid sinus DAVFs, 15 
patients (16%) had cavernous sinus DAVFs, 13 pa- 
tients (13.5%) had SSS DAVFs, five patients (5%) had 
tentorial DAVFs, two patients (2%) had anterior cra- 
nial fossa DAVFs, and 28 patients (29%) had other 
locations. Cortical venous reflux (Borden type II and 
III) was more abundant in cavernous sinus DAVFs 
(94%) (p = 0.009). A summary of anatomic location 
and type according to the Borden classification is 
shown in Table 4. 

Treatment outcome 

Eighty six patients (91%) underwent surgical treat- 
ment, endovascular intervention, radiosurgery, or a 
combination treatment. Conservative treatment, in- 
cluding manual compression, was performed in nine 
patients (9%) with a cavernous sinus DAVF. Among 
them, spontaneously complete obliteration of cav- 
ernous sinus DAVFs was observed in three patients 
within 2, 22, and 29 months, respectively. Six out of 
nine patients who had undergone conservative treat- 
ment did not show complete obliteration and ex- 
hibited recurrent or newly developed symptoms. 

Fifty nine patients (62%) were treated with endovas- 
cular therapy. Twenty of these patients were treated 
with embolization alone. Thirty nine patients who 
had shown incomplete obliteration with a single treat- 
ment modality were treated with combined therapy. 
Among them, 30 patients underwent a combined ther- 
apy of embolization and GKS, and, in the remaining 



nine patients, embolization and surgery were applied. 

Complete occlusion determined by angiography was 
achieved in 25 patients (83%) treated with emboliza- 
tion and GKS during a mean follow-up period of 22 
months (Fig. 1). Complete occlusion was achieved in 
eight patients (89%) treated with embolization and 
surgery during a mean follow-up period of 12 
months. Sixteen patients (80%) who were treated with 
embolization alone showed complete occlusion during 
a mean follow-up period of 11 months (Fig. 2). 
Twelve (86%) out of 14 patients who underwent sur- 
gery alone showed complete occlusion. Seven (54%) 
of 13 patients who underwent GKS alone showed 
complete occlusion. Overall, angiographically confirmed 
complete occlusion was observed in 65 out of 95 
DAVFs (68%). A summary of the treatment outcomes 
and modalities for DAVFs is shown in Table 5. The 
clinical outcome of DAVFs was excellent in 80 pa- 
tients (84%). Fifteen patients had a GOS score of 4, 
and six of these patients received conservative treatment. 

Complications 

In the surgery, one patient with a DAVF located in 
the right parasagittal convexity developed hemiparesis 
just after a microsurgical rnterhemispheric approach. 
In the endovascular embolization, one patient with 
transverse-sigmoid sinus DAVF developed an intra- 
cranial hemorrhage during an interventional procedure. 
She gradually recovered and suffered no permanent 
neurological deficit due to subarachnoid hemorrhage 
and intraventricular hemorrhage. Two years after a 
combination of endovascular embolization and GKS, 
cerebellar hemorrhage occurred in one patient with a 
transverse-sigmoid sinus DAVF. Preoperative angiog- 
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Fig. 2. A 64-year-old male patient presented with a chronic headache and pulsatile tinnitus. Magnetic resonance imaging (MRI) 
on initial assessment shows chronic cortical laminar necrosis and petechial hemorrhage, resulting from a previous venous infarction 
at the right temporo-occipital area (A, B). Lateral view of an external carotid angiogram shows a Borden type II, transverse-sigmoid 
sinus DAVF with occlusion of the sigmoid sinus and disturbed flow in the right transverse sinuses. Prominent cortical reflux is evi- 
dent (C). Immediate postoperative assessment shows a complete fistula obliteration after transarterial embolization (D). The mean 
transit time (MTT) map on MRI shows a perfusion deficit in the right temporo-occipital lobe due to venous hypertension on pre- 
operative assessment (E). At three months after embolization, the MTT map shows improved perfusion at the right temporo-occipital 
lobe. However, a regional prolonged MTT area remains at the right temporo-occipital lobe because of irreversible changes due to 
the venous infarction (F). 



raphy showed a Borden type lib DAW draining into 
the transverse sinus and occlusion of the sigmoid 
sinus. Angiographic outcome at 12 months follow-up 
showed complete occlusion, however, cerebellar hem- 



orrhage occurred during the follow-up period because 
embolization of the transverse sinus with coils even- 
tually led to venous congestion of infratentorial veins, 
even though we thought the occluded sigmoid sinus 



Table 5. Angiographic outcomes of DAVFs according to treatment modalities 



Angiographic outcome 
Complete occlusion Incomplete occlusion 



Endovascular embolization 16 80% 4 20% 

Endovascular embolization + Surgery 8 89% 1 1 1 % 

GKS 7 54% 6 46% 

Endovascular embolization + GKS 25 83% 5 27% 

Surgery 12 86% 2 14% 

Conservative management 3 33% 6 67% 

Total ~ 65 68% 30 32% 



GKS = gamma knife stereotactic radiosurgery 
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useless. Another patient with a transverse-sigmoid si- 
nus DAVF who received endovascular treatment and 
GKS developed facial palsy. Overall, complication 
rate of DAVF treatment was 4%. 

DISCUSSION 

Patients with DAVFs typically present with symp- 
toms at a mean age of 50 to 60 years. The pre- 
sentation is variable, depending on the characteristics 
of the venous outflow and the anatomic location. 6 ' 8 ' 19 ' 
Many authors have reported that most DAVFs are lo- 
cated in the transverse, sigmoid, and cavernous si- 
nuses and that these lesions have no gender prepon- 
derance; however, gender preponderance has been 
demonstrated in several studies. 6 ' 9 ' 20 ' Similar to other 
reports, in this study, patients with DAVFs presented 
at a mean age of 59.2 years and the majority of le- 
sions were located in the transverse-sigmoid and cav- 
ernous sinuses and had no gender preponderance. 

Patients may be asymptomatic or may experience 
symptoms ranging from mild to aggressive, according 
to lesion location and pattern of venous drainage. 17121 ' 
Pulsatile tinnitus is a common symptom in patients 
with transverse-sigmoid sinus DAVFs, which results 
from increased blood flow through the dural venous 
sinuses close to the middle ear. 8 ' 36 ' Due to their prox- 
imity to the orbit, cavernous sinus DAVFs can present 
with ophthalmoplegia, proptosis, chemosis, retro-orbi- 
tal pain, and decreased visual acuity. 19 ' 24 ' 38 ' The ocular 
signs and symptoms could generally be reversible if 
not longstanding. 1 ' DAVFs that drain into the SSS or 
deep venous system produce symptoms of global ve- 
nous congestion and persistent intracranial hyper- 
tension, leading to intracranial hemorrhage and may 
manifest with aggressive symptoms, such as hydro- 
cephalus, seizures, and dementia. 7 ' 8 ' 15 ' 16 ' 24 ' 26 ' Brainstem 
DAVFs can also present with aggressive symptoms, 
such as cranial neuropathies and/or quadriparesis. 22 ' 24 ' 

In this study, the most common symptoms of cav- 
ernous sinus DAVF were ocular symptoms (40%) and 



aggressive neurologic symptoms were rare; there was 
no occurrence of intracranial hemorrhage. One patient 
with a cavernous sinus DAVF experienced sudden 
blindness associated with thrombosis of the central 
retinal artery. Borden types II and III were much 
more common in cavernous sinus DAVFs than in 
transverse-sigmoid sinus DAVFs (93% versus 61%, re- 
spectively), while transverse-sigmoid sinus DAVFs 
were more frequently associated with hemorrhage 
and NHND, compared with cavernous sinus DAVFs 
(Table 2). Suh et al. reported that, although a cav- 
ernous sinus DAVF has a high grade angiographic 
finding, it can have a benign nature because it has 
sufficient venous drainage routes. 35 ' Therefore, we can 
consider conservative management in low grade 
and/ or asymptomatic cavernous sinus DAVFs and 
the treatment purpose of cavernous sinus DAVF as a 
clinical improvement rather than an angiographic 
cure. In cases involving progressive neurological 
symptoms, particularly decreased visual acuity, and 
in the presence of CVR, aggressive treatment of cav- 
ernous sinus DAVFs must be considered. 

On the other hand, aggressive neurological symp- 
toms correlated well with the venous drainage pattern 
of transverse-sigmoid sinus DAVFs because these oc- 
curred only in Borden type II and III. In this study, 
besides the venous drainage pattern, the location of a 
transverse-sigmoid sinus was found to be a factor af- 
fecting intracranial hemorrhage. Therefore, due to the 
low rate of spontaneous regression and the relatively 
high rate of aggressive symptoms, all transverse-sigmoid 
sinus DAVFs are considered to require treatment. 21 ' 

Aggressive neurologic symptoms were also seen in 
the majority of SSS DAVFs (62%) and tentorial DAVFs 
(60%). Seizure and intracranial hemorrhage were ob- 
served in SSS DAVFs, while trigeminal neuralgia and 
seizure were observed in tentorial DAVFs. Because 
SSS DAVFs are frequently associated with restrictive 
changes of the SSS and tentorial DAVFs usually drain 
via the leptomenrngeal vein, retrograde cortical ve- 
nous drainage and aggressive symptoms are fre- 
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quently observed. ' ' For achievement of a complete 
cure, due to the high risk of neurological symptoms, 
these DAVFs generally require aggressive treatment. 

Results of this study have demonstrated that DAVFs 
without cortical venous drainage on digital sub- 
traction angiography at the time of diagnosis have a 
low risk of intracranial hemorrhage or neurologic def- 
icits (Table 3). However, in our study, in DAVFs with 
cortical venous drainage, a 23% hemorrhage rate and 
41% aggressive symptom rate were suggested. Brown 
et al. 4) pointed out that 2% of Borden type I, 40% of 
Borden type II, and 80% of Borden type III DAVFs 
presented with intracranial hemorrhage or neurologic 
deficit. In our study, 6% of Borden type I, 31% of 
Borden type II, and 77% of Borden type III DAVFs 
presented with aggressive symptoms including intra- 
cranial hemorrhage (Table 3). Therefore, aggressive 
neurologic symptoms showed strong correlation with 
CVR. 

Spontaneous obliteration of DAVFs has been pro- 
posed in cases of low grade DAVF and/or cavernous 
sinus DAVF. 2)34)30) In this study, three patients with 
drainage of DAVFs to the cavernous sinus showed 
spontaneous obliteration during mean follow-up peri- 
ods of 17.8 months, even though one of these was 
Borden type II. Nevertheless, conservative treatment 
was not recommended if the patient had progressive 
symptoms or presence of CVR. Van Dijk et al. 38) de- 
scribed patients with partially treated or con- 
servatively followed DAVFs with CVR for a mean fol- 
low-up period of 4.3 years. At the last follow-up, 16 
(80%) patients had developed intracerebral hemor- 
rhage (25%) or ischemic deficits (66%) in DAVFs with 
persistent CVR. They advocated an annual risk of in- 
tracranial hemorrhage of 8.1%, and an annual risk of 
NHND of 6.9% in Borden type II and III. 38 ' In our 
study, nine patients (9%) were conservatively followed 
and five of them were DAVFs with CVR. Although 
one patient with CVR had a GOS score of 5, four pa- 
tients had recurrent or newly developed symptoms 
for a mean period of 16.6 months. However, the mean 
follow-up period in this study was too short to reflect 



the aggressive behavior of intracranial DAVFs with 
long-term persistence of the CVR. In addition to cases 
with increased rates of aggressive symptoms, appro- 
priate treatment is required in cases showing the 
presence of CVR because persistent CVR can cause ir- 
reversible outcomes even after accomplishing com- 
plete occlusion (Fig. 2). 

Fifty nine patients (62%) were treated with endovas- 
cular embolization and 20 of these were treated with 
embolization alone (Table 5). Due to its high cure rate 
and relatively low complication rate, transvenous em- 
bolization via the transfemoral approach is the first 
choice of treatment. 14 ' 33 ' 49 ' In cases involving severe 
stenosis or occlusion of the sinus, transarterial emboli- 
zation using liquid embolic materials is another 
option. In this study, 16 of 20 patients (80%) had com- 
plete occlusion in angiographic outcome and one pa- 
tient had an intracranial hemorrhage related to the 
intervention. Consideration of the advantages and dis- 
advantages of transarterial, transvenous, and com- 
bined approaches should be given in each case before 
proceeding with embolization. 11 ' 

When endovascular embolization is technically diffi- 
cult or results in incomplete occlusion, surgical treat- 
ment or GKS is required. DAVFs in the anterior cra- 
nial fossa are more amenable to surgery because these 
DAVFs are supplied by the ophthalmic arteries, in 
which catheterization is difficult and dangerous. 10 ' 29 ' 
In this study, two patients with an anterior cranial 
fossa DAVF underwent successful surgery and ach- 
ieved complete occlusion. Due to the difficult endo- 
vascular access route, combination therapy of emboli- 
zation and surgery was performed in the SSS DAVF 
and the tentorial DAVF. In this study, complete occlu- 
sion using embolization and surgery was achieved in 
80% of SSS DAVFs and 100% of tentorial DAVFs. 
Ushikoshi et al. 37 ' reported that DAVFs with Borden 
type III can be treated by embolization and surgery 
with a high rate of cure. The efficacy of this combined 
approach for DAVF ablation has been contended at 
nearly 100%, however, the risk of morbidity and mor- 
tality remains considerable. 10 ' 12 ' 18 ' We treated nine pa- 
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tients with Borden type II and III DAVFs using a 
combination of embolization and surgery, and ach- 
ieved complete occlusion in 89% of them, without 
complications (Table 5). 

In our study, 43 patients with DAVFs were treated 
by GKS or a combination of GKS and embolization. 
The early results from another report have been en- 
couraging, with obliteration rates as high as 93% for 
combined endovascular embolization and GKS, but 
have also demonstrated obliteration rates as low as 
50% when only GKS is used. 32)39) The cumulative cure 
rate for cavernous sinus DAVFs approached 75% at 
24 months when only GKS was used, which was 
much better than that of other intracranial DAVFs. 39) 
In our study, the obliteration rate reached 54% when 
only GKS was used and 83% when GKS was com- 
bined with endovascular embolization (Table 5). Five 
patients with cavernous sinus DAVFs were treated 
with GKS alone and four (80%) had complete ob- 
literation and showed improvement in clinical symp- 
toms during the mean follow-up period of 32 months. 
In this study, although the number of patients was 
small, patients with cavernous sinus DAVF showed 
good outcomes with GKS alone. Lalwani et al. 23 ', who 
recommended strategies for treatment of transverse- 
sigmoid sinus DAVFs according to a grading system 
based on the severity of venous restrictive disease, re- 
ported that 22 (88%) of 25 patients achieved both clin- 
ical and angiographic cure following an endovascular 
or/ and surgical approach. However, recent studies on 
GKS for transverse-sigmoid sinus DAVFs showed a 
relatively high occlusion rate of the DAVF (approximately 
60% of cases) several months after treatment, without 
significant complications. 27)31) We treated a majority 
(70%) of transverse-sigmoid sinus DAVFs using GKS: 
Borden type I by GKS only or a combination of embo- 
lization and GKS and Borden type II and III by a 
combination of embolization and GKS. Complete an- 
giographic occlusion was achieved in 82% of these pa- 
tients and cerebellar hemorrhage occurred in only one 
patient during the follow-up period. In overall angio- 
graphic outcome, patients treated with endovascular 



embolization and GKS had complete occlusion of 
83%. In our opinion, although we had little experi- 
ence with GKS in other locations, except the trans- 
verse-sigmoid and cavernous sinus DAVF, the effi- 
cacy of GKS in treatment of cavernous sinus and 
transverse-sigmoid sinus DAVFs suggests that irradi- 
ation might be an effective treatment for DAVFs at 
other locations. However, because the risk of hemor- 
rhage remains elevated until completion of vessel 
thrombosis, treatment with GKS alone currently re- 
mains limited, particularly in DAVFs with aggressive 
symptoms. 13) Combination of GKS with other treat- 
ments can resolve this problem successfully, with few 
side effects. Therefore, GKS alone is inappropriate as 
the primary treatment in DAVFs with CVR, and 
should be considered as an option, especially in poor 
surgical or endovascular candidates. 

CONCLUSION 

The clinical characteristics of intracranial DAVF de- 
pend on the lesion location and venous drainage 
pattern. In our study, the hemorrhagic risk associated 
with intracranial DAVFs increased according to the 
severity of CVR, and the transverse-sigmoid sinus is 
the location that most affects intracranial hemorrhage. 

For achievement of a successful treatment outcome 
of intracranial DAVFs, strategies for treatment of in- 
tracranial DAVFs should be decided according to the 
characteristics of the DAVF, based on the location and 
drainage pattern. Conservative treatment can be con- 
sidered in low grade cavernous sinus DAVFs. Aggressive 
multidisciplinary treatment, using endovascular em- 
bolization, surgery, GKS, and combination therapy, is 
usually required in the presence of CVR and/or at lo- 
cations other than the cavernous sinus. In this study, 
we had good treatment outcomes using GKS, com- 
pared with other treatment modalities. Therefore, we 
recommend GKS in addition to other treatment mo- 
dalities as an alternative method for treatment of in- 
tracranial DAVFs in appropriately indicated cases. 
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